SUMMARY Three cases of twins conjoined across the chest were examined. In one set, one twin showed right atrial isomerism and the other showed the usual atrial arrangement. The other two sets showed the usual atrial arrangement in both twins. The associated cardiac anomalies were diverse, ranging from atrioventricular septal defects to absent atrioventricular connections. Sequential segmental analysis was used successfully in each case to classify the complex cardiac anomalies. The first step was the recognition of the atrial arrangement. This was easily achieved despite the complexity of the intracardiac morphology.
Conjoined twins have a high incidence of cardiac anomalies particularly when, as occurs most frequently, they are joined across the chest.' We report here three sets of conjoined hearts from twins joined at the chest. In the first set, one twin had right atrial isomerism and showed the cardiac anomalies which accompany this atrial arrangement. In the other two sets, both twins had the usual atrial arrangement together with other cardiac anomalies. Our experience emphasises the importance of accurate recognition of atrial arrangement as the first step in sequential segmental analysis and subsequent classification of associated anomalies.
Case reports
The three sets of twins were all female and all were joined at their thoracic and abdominal regions. Since there were considerable differences in the specific morphology of the various twins, we need to distinguish the individual members of each pair. This is conventionally done by calling them twins A and B, as shown in fig 1 and naming individual members was more difficult, since the pair can be positioned either way up to face the observer. We arbitrarily positioned the pair most closely to approximate the book-leaf arrangement (fig 1) . Having designated the twins as "A" and "B" we use the terms "left" and "right" only in respect of the anatomical arrangement in each twin. The hearts and great vessels were examined in all cases and complementary information obtained as and when possible. The table summarises the important cardiac anomalies. The specific details are as follows: SET 1 The hearts, which were studied in isolation, were joined at atrial and ventricular levels in book-leaf fashion. There The hearts, which were studied in isolation, were joined at atrial and ventricular levels in book-leaf fashion. There were four atrial appendages. Each twin showed the usual atrial arrangement (fig 4) .
There were bilateral superior and inferior caval veins. The anterior morphologically right atrium of twin A received all the pulmonary venous drainage from this twin through a common pulmonary vein.
The pulmonary veins of twin B were connected to the appropriate anterior morphologically left atrium, again through a common channel.
The anterior morphologically right atrium of twin These twins were positioned face to face and joined across the chest and abdomen ( fig 6) . The chest walls were contiguous laterally, each side being made up by a common sternum articulating with the ribs of each twin. The lungs of both twins showed the usual lobulation and both twins had a spleen. The liver was common to both, and they also shared a small bowel. The hearts were joined at atrial and ventricular levels. There were four atrial appendages. Each twin showed the usual atrial arrangement (fig7). There were bilateral superior caval veins. The left-sided vein received the entire pulmonary venous drainage of twin A and was then connected to the posterior morphologically right atrium of this twin, which also received the entire pulmonary venous return of twin B through the coronary sinus. This morphologically right atrium was small and had a dimpIe in its muscular floor. There was a defect across the oval fossa which connected to Twin B had normal chamber connections but a stenotic tricuspid valve, The ventricles of both hearts were contained, as in set 2, within the matrix of a common ventricular mass (fig 8) . Discussion
The general belief is that conjoined malformations result from incomplete fission of the developing zygote. Conjunction represents the extreme of a time spectrum at the other end of which are "identical" twins with separate placentas (dichorionic monozygotic twins). The developmental separation in the setting of discrete placentas predates the blastocyst stage. The chorion is committed before division in monochorionic monozygotic twins. Monoamniotc twins share an amnion while conjoined twins share some body part, most often in the thoracic region. When joined, the hearts are usually connected at atrial level and may additionally be joined at ventricular level. Usually the venous and arterial connections are distinct.
Isomerism in one of a conjoined twin pair -is important in the precise diagnosis of cardiac malformation. It is also pertinent to our understanding of cardiac embryology and to the determination of laterality itself. The important relation between twinning, laterality, and development of the heart and other organs has become clear only recently. Noonan Common atrial chambers were present in two of our three cases. There were totally anomalous pulmonary venous connections in four cases within the three sets. Although draining via a common vein, the pulmonary veins were connected to the morphologically left atrium in the remaining two cases. These malformations did not invalidate recognition according to the morphology of the appendages and their junctions with the venous components of the atrial chambers. Accurate diagnosis of the atrial arrangement sets the scene in all instances for successful sequential analysis of the complex cardiac arrangements. Sharing of ventricular chambers has not precluded the use of sequential analysis since each heart can be studied fully in terms of segments. Our study demonstrates the ease of investigating "complex" heart malformations by the use of a systematic approach. Although from a clinical standpoint the shared atrioventricular junctions and/or ventricular musculature in all our sets would have made surgical separation impractical, the same approach would identify those sets which might, in future, be amenable to corrective surgical procedures. 
